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This experiment was conducted to assess the effects of either low or high trailer 
stocking density (SD) on cattle behavior. British x Continental steers (n = 200; mean BW 
= 361.53 ± 54.4 kg) were loaded onto one of two truck-towed trailers. Steer behavior and 
positional orientation were recorded by video camera (8 h). Aggressive behaviors were 
more frequent (P < 0.0001) in low (178 ± 34.46 kg BW/m2) than high (333 ± 31.84 kg 
BW/m2) SD. Chin-resting occurred more often (P < 0.05) in low SD, yet there was no 
difference (P = 0.98) between SD for mounting. There was a SD × trip effect for loss of 
balance (P < 0.05), ruminating (P < 0.0001), and lying behaviors (P < 0.0001). At both 
SD, side-left and side-right were the preferred (P < 0.05) standing orientations. These 
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The majority of beef cattle are transported at least once in their life for the 
purpose of breeding, fattening, or slaughter (Tarrant and Grandin, 2000).  From January 
2010 to July 2012, placements in U.S. feedlots totaled between 1.52 and 2.49 million
head each month (United States Department of Agriculture, 2012). Generally, cattle 
entering the food chain are transported at weaning to a stocker enterprise, then to a 
feedlot, and a final time at slaughter. Calves may be transported at weaning to an auction 
facility prior to entering a stocker enterprise. Cattle can be transported by road, rail, or 
boat; however, in the United States, transportation generally consists of road transport by 
form of truck (Swanson and Morrow-Tesch, 2001). In the United States, transport times 
are typically brief between feedlots and slaughter facilities because of centralization of 
slaughter plants; however, weaned calves and yearlings may travel 1000 to 3000 km to 
feedlots (Tarrant and Grandin, 2000). 
Transportation is not limited to confinement in a moving vehicle, but rather 
encompasses a chain of events including assembly prior to loading, loading, stationary 
confinement, confinement in motion, unloading, penning in a new environment, and 
social regrouping throughout the process. Research has shown that the most stressful 






vehicle (Tarrant, 1990). Several key factors can affect the level of transport stress 
experienced including pre-transport management, truck vibrations, noise, novelty, social 
regrouping, crowding, humidity, temperature, restraint, feed and water deprivation, and 
time of transit (Swanson and Morrow-Tesch, 2001).  The degree of stress during 
transport has been analyzed by observing behavioral and physiological indicators.  Of 
these methods, behavioral research is the most scarce and can provide valuable 
information about the condition of animals and modifications that should be made to 
mitigate transport-induced livestock stress (Tarrant, 1990).
1.2 Stress
Stress is the condition resulting from an animal responding to one or more 
stressors originating from internal or external stimuli. The ability of an animal to cope 
with stress while returning to a state of homeostasis is useful in determining if the stress 
is harmful (Borell, 2001). The welfare of an animal is the state of that individual as it 
attempts to cope with its environment (Broom, 1986). Severe stress is currently 
interpreted as poor well-being. However, stress does not necessarily equate to the poor 
well-being of an animal, and an animal may have impaired well-being but not appear 
physically stressed (Borell, 2001). 
Fear is a very strong psychological stressor that can be induced by events such as 
restraint, handling, confinement, and introduction to novel environments. Cattle can vary 
in the amount of stress they experience according to their background, past experiences, 
and genetic factors of each individual animal. Temperament is a heritable trait that can
affect the way an animal reacts to events (Grandin, 1997). Cattle with flightier genetics 




genetics (Tarrant and Grandin, 2000). In Holstein calves, sire had an effect on cortisol 
concentrations during transport (Johnston and Buckland, 1976). Extensively-raised range 
cattle typically react differently to events such as human handling, restraint in a squeeze 
chute, and confinement in a truck than intensively-raised cattle who have more 
human/handler contact. Animals that are accustomed to frequent handling and close 
contact with people are less likely to become highly stressed when restrained in a squeeze 
chute or handled (Grandin, 1997). 
An animal’s experiences early in life, whether they are trained, extensively or 
intensively-raised, can determine how it will respond to stressors later in life. 
Extensively-raised, weanling heifer calves that were trained by handlers walking quietly 
among them, teaching them to follow a horseman, and walk quietly through a squeeze 
chute resulted in calmer adult animals that were easier to handle (Binstead, 1977; 
Fordyce et al., 1985; Fordyce, 1987). Similarly, calves raised on an experiment station 
that had become accustomed to petting by visitors had lower cortisol concentrations when 
restrained in a squeeze chute than calves that had less frequent contact with people 
(Boandle et al., 1989). 
Novelty can be a strong stressor in animals, especially when the introduction to a 
novelty is sudden. When moving through handling facilities, cattle will balk as they 
approach shadows or differences in flooring.  Gradual exposure to novelties will allow 
animals to become accustomed to change. Those animals will become less stressed than 





When procedures are non-aversive, cattle can become accustomed to the routine. 
Repeated procedures such as weighing and drawing blood from a catheter, when 
conducted properly, are easily adaptable procedures for cattle. However, cattle do not 
adapt to procedures that are aversive.  When cattle were transported in a trailer multiple 
times where they fell down repeatedly, cortisol levels remained high (Fell and Shutt, 
1986). Similarly, when cattle were handled and run through a squeeze chute and single 
animal scale every 30 d, balking at the scale decreased over the time period; however, 
balking at the squeeze chute increased (Grandin, 1992). The cattle learned that the scale 
never caused discomfort.  In contrast, cattle that had been mishandled through the 
squeeze chute and hit on the head by the head gate were more likely to resist entry in the 
future (Grandin et al., 1994). 
1.2.1 Physiology of stress 
The autonomic nervous system controls many functions of the body and consists 
of two divisions: the sympathetic and parasympathetic nervous systems. The sympathetic 
nervous system, also known as the fight-or-flight response, aids the animal in responding 
quickly in situations where it feels the need to defend itself (fight) or escape (flight). In 
contrast, the parasympathetic system aids the animal in recovering from eliciting the 
fight-or-flight system, allowing it to rest and restore itself (Colville and Bassert, 2002).   
In general, stress induces activation of the sympathetic system which is 
characterized by increase flow of glucose and oxygen to the muscles and brain, release of 
epinephrine from the adrenal medulla, vasoconstriction, increased heart rate and blood 
pressure, and focused attention (Van Lieshout, 2004). In a fight-or-flight scenario, the 
animal is going to need to move rapidly; therefore, the muscles will need to work 
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 vigorously. As a result, the bronchioles will dilate allowing for greater exchange of
oxygen and carbon dioxide. Once the oxygen leaves the lungs and enters the blood 
stream, heart rate and cardiac contractions will increase rapidly to deliver the blood 
throughout the body. To deliver more blood to the muscles, the small blood vesicles will 
dilate allowing the blood to enter the muscle. During a sympathetic response, the small 
blood vessels that supply the skin, kidneys, and gasrointestinal tract will constrict to 
reduce blood flow to these areas and redirect it to the muscles. In contrast, the 
parasympathetic system causes the GI tract to increase activity by digesting and 
absorbing nutrients to replenish the energy stores used during the flight-or-fight response. 
The parasympathetic system also reduces heart rate and dilation of the bronchioles 
(Colville and Bassert, 2002). 
The amygdala in the brain is the central fear system and is not only involved in 
behavior elicited by fear, but also in the ability for animals to be conditioned to fear. 
Electrical stimulation of the amygdala by an implanted electrode elicited autonomic 
behavioral responses resembling fear in humans (Davis, 1992). When measuring flight 
distance in rats, large lesions in the amygdala resulted in a reduction in emotionality 
(Kemble et al., 1984). The amygdala receives sensory signals and sends the input to the 
periventricular nucleus (PVN). The PVN is an important mechanism in the stress-
response system as it is one of the first steps involved in the hypothalamic-pituitary-
adrenal system (HPA). The PVN is the part of the hypothalamus that is responsible for 
the release of corticotropin-releasing hormones (CRH) (Van Lieshout, 2004). 
The HPA system involves the hypothalamus, anterior pituitary gland, sympathetic 





adrenal gland (Borell, 2000). Upon release of CRH by the hypothalamus, the hormone is 
transported via portal capillary to the anterior pituitary. Corticotropin-releasing hormones 
stimulate the anterior pituitary to increase secretion and synthesis of adrenocorticotropic 
hormone (ACTH). The adrenal glands are located on top of the kidneys and consist of 
two major parts: the adrenal cortex (outside) and the adrenal medulla (inside).  The 
release of ACTH from the anterior pituitary targets the adrenal gland to produce a release 
of corticosteroids (i.e., glucocorticoids) from the adrenal cortex and epinephrine and 
norepinephrine from the adrenal medulla (Borell, 2001).  
The metabolism of cortisol has several effects on the body including increased 
lipolysis, gluconeogenesis, hyperglycemia or hypoglycemia, Na retention, K excretion, 
and Ca excretion. Some of the negative effects of cortisol metabolism include Ca 
absorption and a decrease in bone matrix (Reese, 2004).  Modulation and termination of 
the HPA response occurs by way of the glucocorticoid negative feedback process. This is 
one of the body’s mechanisms for self-control and is an important mechanism for 
controlling HPA activity. Glucocorticoid receptors are located on the PVN, anterior 
pituitary, and hippocampus and are activated following cortisol secretion. These receptors 
result in negative feedback on CRH and ACTH secretions, thus inhibiting secretion of
cortisol (Van Lieshout, 2004). Cortisol is the most common glucocorticoid observed in 
stressed cattle (Reese, 2004). 
1.2.1.1 Measuring stress by physiological assessment 
Animal welfare can be defined as “the state of an individual with regard to its 
attempts to cope with its environment” (Broom, 1986). Behavioral and physiological 




The greater extent to which behavioral and physiological changes must be made for the 
animal to cope with its environment or situation, the poorer its welfare is likely to be 
(Knowles and Warriss, 2000).  
In cattle, transport results in a source of stress. Because of this, most studies 
indicate increased respiration and heart rate, increased body temperature, and activation 
of the HPA system. Activation of the HPA system results in increased glucose, cortisol, 
and non-esterified fatty acids (NEFA) in the blood.  Young calves (< 4 wk of age) may 
not react to transportation with a HPA response (Mormede et al., 1982). However, in the 
majority of cases with calves older than 8 wk of age, an increase in corticosteroids was 
observed following transport (Crookshank et al., 1979; Simensen et al., 1980; Kent and 
Ewbank, 1983, 1986a). 
Once stress is elicited, the initial response is a release of epinephrine and 
norepinephrine from the adrenal glands into the bloodstream. The release of these 
hormones constitutes an increase in heart rate and blood pressure and stimulates hepatic 
glycogenolysis. The result is increased availability of glucose and immediate rise in 
plasma glucose levels. The effects of these hormones provide useful information about 
stress; however, they have short half-lives in the blood stream. 
In the longer term, stress is mediated by way of the hypophyseal-adrenal axis, a 
system that works collectively with the neural and endocrine systems. Glucocorticoid 
hormones, which are produced in and released from the adrenal cortex in response to 
stress, play an important role in regulating the physiological response. Cortisol is the 
main glucocorticoid in cattle and other mammalian farm species (Knowles and Warriss, 






practices such as castration. Cortisol is time dependent and takes 10 to 20 min to reach 
peak values (Lay et al., 1992a). In older cattle, cortisol concentrations were greatest at 
loading, unloading, and during the first part of the journey (Warriss et al., 1995; Grandin, 
1997; Knowles, 1999). During transport that extends for a long duration or is repeated 
over time, cattle can become habituated and as a result cortisol concentrations decrease 
(Warriss et al., 1995; Lay et al., 1996). Table 1.1 gives an overview of the physiological 
responses that occur when an animal is under stress. From this table, many of these 
variables prove very useful in research when measuring animal welfare status.
On lengthy transport journeys as cattle experience food and water deprivation, 
non-esterified fatty acids or free fatty acids (FFA), urea, total protein, albumin, plasma
osmolality and packed-cell volume increase. Triacylglycerols are mobilized as a result of
being broken down into glycerol and lipids. As FFA are synthesized, lipolysis is 
suppressed and FFA concentrations are not increased. In contrast, plasma FFA levels are 
increased when an animal experiences starvation.  Any process that results in an increase 
in protein catabolism will tend to have an increase in levels of plasma urea. 
Concentrations of plasma urea will increase in response to stress when cortisol is 
elevated, and will also rise in food deprivation.  Water is essential to all life processes and 
constitutes 60% of total body weight for most domestic animals. Packed cell volume, 
total protein, osmolality and plasma albumin are all simple ways of measuring 
dehydration (Knowles and Warriss, 2000).  Clinical dehydration is usually apparent when 
4 to 6% of total body weight has been lost; moderate dehydration is when 8 to 10% has 
been lost; and, severe dehydration occurs when greater than 12% of total body weight has 





The enzyme creatine kinase (CK) is present in muscle and responsible for making 
ATP available for contraction by phosphorylation of ADP from creatine phosphate. It can 
be seen in plasma where tissue damage has occurred and is relatively organ specific. 
Lactate dehydrogenase (LDH) has also been used to measure muscle damage; however, it 
can be observed at high concentrations in various tissues throughout the body and is not 
organ specific (Knowles and Warriss, 2000).  
1.2.1.1.1 Physiological response to stress
Different combinations of stress during the transport process can result in mixed 
physiological responses. Mitchell et al. (1988) assessed blood characteristics of 
unstressed cattle compared to those of cattle that had been subjected to various 
combinations of handling, transport, and slaughter.  It was concluded that handling 
produced significantly greater cortisol, lipid, and lactate concentrations compared to 
unhandled cattle, whereas transport produced greater catecholamine and lactate but lesser 
cortisol concentrations. However, lipid and glucose concentrations did not differ 
between handled and transported cattle. Handled and slaughtered cattle expressed similar 
concentrations of cortisol and lipids, but harvested cattle produced significantly greater 
catecholamines, glucose, and lactate.  From this study, Mitchell et al. (1988) concluded 
that there are two physiological responses to stress. The first is a stage of ‘perception of 
events’. Poor handling processes eliciting fear, novelty, and anxiety can produce a 
negative response resulting in activation of the HPA-adrenal cortical complex (Grandin, 
1997; Jacobson and Cook, 1998). The second response is a sympathetic adrenal medulla 
response that can occur as a result of neurogenic (transport) or massive trauma (stunning) 






Dehydration in cattle hauled long distances over extended time periods, 18 to 24 
h, can range as high as 8 to 11% whereas carcass weight can decrease by as much as 1 to 
8% over 48 h and tends to increase linearly with transport duration (Warriss, 1990). 
Based on the physiological indicators of dehydration and fatigue in addition to animal 
behavior, it was recommended that transport time not exceed 24 h for cattle (Tarrant et 
al., 1992; Knowles et al., 1999). However, it was found that breaking up transport time
by utilizing rest stops increased the incidence of post-transport sickness as cattle were
introduced to novel pathogens. It was instead better for cattle to be transported the full 32 
h transport time (Grandin, 1997).   
1.3 Behavioral response to stress
Kenny and Tarrant (1987a); Kenny and Tarrant (1987b) observed different 
aspects of the transport process in increasing order of complexity: repenning in a new 
environment, loading/unloading, confinement on a stationary vehicle and confinement on 
a moving vehicle. Social regrouping was used as an additional component. Slaughter 
weight Friesian (Bos taurus) steers and bulls were subjected to 1 h transport treatments 
with behavior being recorded by continuous direct observation. The frequency of social 
behaviors recorded increased with the least complex treatment, repenning in a new 
environment. Social behaviors recorded included sexual (mounts and chin resting) and 
aggressive behaviors (butts, pushes, threats, and mock fights). As complexity of 
treatment increased, frequency of interaction between the animals decreased.  
This result was confirmed by Eldridge (1988) who observed heightened social 
activity between cattle during penning and decreased activity during trucking. In contrast, 




incidence of urination may indicate fear. Plasma cortisol levels also increased with 
complexity of treatment, suggesting that increased stress is associated with increased 
complexity of treatment. Taking into account increased plasma cortisol concentrations, 
suppressed social interactions, and increased frequency of urination, it was concluded 
that young adult cattle showed a greater stress response as treatment complexity 
increased with repenning being the least stressful, confinement on a stationary truck 
being moderately stressful, and confinement on a moving truck being the most stressful 
component of the transportation process.  
The experiment mentioned previously was conducted using intensively-raised 
beef cattle. Extensively-raised beef cattle may respond differently because they typically 
are not frequently exposed to human/handler interaction. Thus, there may be a greater 
stress response elicited by loading and unloading than riding in a moving vehicle.  When 
compared to tame dairy cows, extensively-raised beef cows had faster heart rates and 
greater cortisol concentrations when they were restrained and handled. When 
extensively-raised beef cattle were handled, they exhibited cortisol concentrations similar 
to that of hot-iron branding (Lay et al., 1992a; Lay et al., 1992b).  
1.3.1 Methods of recording behavioral response during transport 
Approaches to measuring stress as a response to transport require non-invasive 
methods that do not disrupt the animal’s environment. This is true for gaining 
physiological and behavioral information in regard to stress. Traditional research 
methods allow the researcher to record behavioral response by direct observation at the 
time of implementation of treatments. However, in the case of transport, this type of 






Thus, video recorders allow for continuous, direct observation without interrupting the 
animals natural behavior (Borell, 2001).  Tarrant et al. (1992) utilized video cameras to 
analyze behavior in steers transported to slaughter for the first 10 min of every h during 
transport. Behaviors recorded included: social interactions (threats, head butting, mock 
fighting, successful mounts, unsuccessful mounts), elimination (both urination and 
defecation), and exploration (licking, smelling). Position of the cattle inside each trailer 
compartment was also noted along with the amount of time that was spent in each 
position. In addition, standing orientation was assigned to one of eight positions, each at 
different possible 45° angle positions.  Any behavioral response (shifting, loss of balance, 
change in standing orientation) related to vehicle movements, such as cornering, braking, 
acceleration, etc. were also recorded (Kenny and Tarrant, 1987a).
1.3.1.1 Behavior during transport 
Confinement in a moving vehicle is the most stressful aspect of transportation, 
especially for intensively-raised cattle (Tarrant and Grandin, 2000). Previous research 
indicated that heightened activity immediately following loading and characteristic 
standing and lying behavior is common in stationary and moving vehicles (Bisschop, 
1961). However, much of the previous research was conducted on cattle transported by 
rail rather than road.
During transport, restlessness on a moving vehicle is indicated by the frequency 
of changes in position. Restlessness increased linearly with social regrouping but not with 
motion of the moving vehicle (Kenny and Tarrant, 1987a; Kenny and Tarrant, 1987b). 




behavior. Driving events, such as cornering and braking, can also elicit changes in 
position on a moving vehicle (Tarrant, 1990).  
The most common standing orientation on a truck is facing either parallel or 
perpendicular to the direction of motion, with a diagonal orientation being the least 
preferred (Kenny and Tarrant, 1987a; Kenny and Tarrant, 1987b; Eldridge et al., 1988; 
Lambooy and Hulsegge, 1988; Tarrant et al., 1988). This may indicate that cattle assume
a preferred orientation to enhance security of balance while on a moving vehicle (Tarrant 
and Grandin, 2000). During rail transport, cattle align themselves across the direction of 
motion (Bisschop, 1961); however, Kilgour and Mullord (1973) found that there was no 
preferred orientation when cattle traveled by road.  
Cattle do not tend to exhibit lying behavior during transport, unlike other 
livestock species. Sheep will lie down and are able to rest if a low enough stocking 
density is given, but not as much as they would in a static pen at a similar stocking 
density (Knowles et al., 1993). Yet, it has been recorded that cattle can arrive fatigued to 
the destination facility and display increased lying behavior after unloading (Kenny and 
Tarrant, 1987a; Kenny and Tarrant, 1987b; Tarrant et al., 1988; Tarrant et al., 1992). At 
high stocking densities, cattle can go down involuntarily, especially when approaching 
maximum trailer stocking capacity at 600 kg BW/m2 (Kenny and Tarrant, 1987a). Loss 
of balance as a result of driving conditions, such as braking, cornering, or stopping, was 
less apparent at high versus low stocking densities (Tarrant et al., 1988; Tarrant et al., 
1992). Observations of cattle in a moving truck indicated that there was frequent minor 
loss of balance and shifting resulting in cattle having to adjust their footing in order to 







1.4 Transport trailer stocking density 
Trailer stocking densities used in industry vary greatly depending on many 
variables such as the hauler, the size, age and type of the animal, whether the animal is 
being transported for slaughter or not, distance the animals are being transported, type of 
trailer used, ambient temperature, and the number of animals available to fill a load. 
Little experimental work has been done to determine concrete recommendations for 
stocking densities; much of the research completed has been based on consideration of 
animal size and practical experience.
Stocking density is an important aspect of animal welfare when transporting 
cattle, particularly when stocking density is either too high or too low.  Tarrant et al. 
(1988) studied the effect of three different stocking densities (200, 300, 600 kg/m2) on 
600-kg steers transported 4 h to slaughter. In a second study, (Tarrant et al., 1992) 600-
kg steers were transported 24 h to slaughter and were subjected to one of three stocking 
densities, low, medium, or high (450, 500, 600 kg BW/m2, respectively). In the second
study, the high stocking density is of particular interest because it mimics that of a trailer 
loaded to maximum capacity while still allowing gates to close easily. The medium
stocking density is similar to that recommended by the Australian Bureau of Animal 
Health for 600-kg, hornless cattle (Health, 1983). The low stocking density used is 
greater than the stocking density recommended in Germany for 600-kg cattle (Connell, 
1984). 
It was concluded by both studies that the high stocking density of 600 kg BW/m2 
might pose a disadvantage to the cattle being transported. Cattle transported at high 






(CK). The presence of the muscle enzyme CK in the blood stream is indicative of muscle 
damage and increased with stocking density. Only at high stocking density was severe 
bruising present on carcasses. In a separate study, cortisol concentrations were the least at
low stocking densities in Friesian steers, which were double the resting value (Kenny and 
Tarrant, 1987a). 
Exploratory behavior and social interaction also decreased with increases in 
stocking density, with the exception of mounting and pushing, which increased.  At low 
stocking densities, cattle showed preference for standing orientation with cattle avoiding 
diagonal orientations completely; the most preferred position was standing perpendicular 
to the direction of motion (facing to the right or left), and the second most preferred 
orientation was parallel to the direction of motion (Tarrant et al., 1992).  At high stocking 
densities, cattle were unable to stand in their preferred orientation. Animal movement 
was restricted as there were fewer changes in position only averaging 16 changes  pen -1 
 h -1 of transport in contrast to 109 changes  pen -1 h -1 in groups with low stocking 
density (Tarrant et al., 1988). 
It is thought that packing cattle tightly together at higher stocking densities might 
sustain their balance and be less likely to cause injury because the animals are able to 
“hold each other up”. However, if an animal falls this can lead to the individual being 
trapped and unable to regain upright stability. No animals laid down at the medium or 
low stocking densities; however, this could have been done without risk of trampling 
(Tarrant et al., 1988). At high stocking density there were events where animals went 
down and stayed down, but this could be interpreted as the animals going down 





was concluded that there was a greater incidence of slips and losses of balance when the 
animals had a smaller space allowance (Cockram et al., 1996). Similarly, Eldridge and 
Winfield (1988) found that a high stocking density increased bruising in cattle. 
The Farm Animal Welfare Council (FAWC, 1991) in England provides a formula 
for calculating the minimum stocking density (m2) each animal should be allowed while 
in transit, based on live BW (kg): A = 0.021 W 0.67, where A is area and W is the weight 
of the animal. The council recognized that the formula needed further investigation but 
recommended 360 kg BW/m2. More specific to the transport of cattle, Table 1.2 depicts 
the recommended space allowances from the Livestock Trucking Guide (Grandin, 2001) 
published by the National Institute for Animal Agriculture (NIAA), USA. These 
guidelines distinguish between polled and horned cattle, allowing added space for horned 
animals. When shipping horned or tipped cattle, stocking density should be decreased by 
6% to decrease incidence of bruising and injury to other animals (Grandin, 1981). Cattle 
weighing 360 kg should have a space allowance of 0.97m2 (no horns) or 1.01m2 (horns). 
This is similar to the stocking density used by Warriss et al. (1995) when looking at the 
effect of trip duration on the welfare of the cattle (mean BW = 341 kg) while transported 
at a stocking density of 1 m2 per animal. 
1.5 Trailer types 
There are two different types of 18-wheeler truck-towed livestock transport 
trailers used in the United States, pot-belly and straight deck (Ritter and Ellis, 2008). 
Straight-deck trailers are primarily used for the shipment of hogs. Pot-belly trailers are 
used to transport cattle and hogs and have an internal ramp system, leading to 8 separate 




trailers, one featuring punched sides and the other slat sides. The punch-sided model is 
lighter in weight and engineered to be more aerodynamic as well as allow more 
ventilation through the trailer while in motion. The vents in a pot-belly trailer are 
designed to pull air through, creating an evaporative cooling effect. During winter 
months, plugs can be placed in the holes to decrease the incidence of cold stress.
Trailer flooring should be an important consideration when transporting livestock. 
Floors should consist of a non-slip surface, such as metal floors with a diamond pattern or 
rubber mats (Grandin, 2001). Slick floors can increase risk of slipping which increases 
stress as well as bruising and injury to livestock (Cockram and Corley, 1991).  In 
slaughter plants, slippery floors caused cattle to become agitated (Grandin, 1998). 
Animals will balk at sudden changes in flooring texture and color so the surface should 
be uniform (Grandin, 1987). In Australia, trailer floors have evolved from plywood 
layered with steel mesh to pressed metal which is designed to minimize slipping and 
allows animals to stand normally during transit (Lapworth, 2008). In the United States, 
aluminum tread flooring is typically utilized in pot-belly trailers because of its skid 
resistance and durability (Merritt Equipment Co., 2012; Wilson Trailer Co., 2012). Wood 
flooring is occasionally seen in smaller livestock trailers (Featherlite, 2012). 
Pot-belly trailers consist of 8 compartments or cuts, 4 cuts on the top deck and 4 
cuts on the lower deck of a double-deck trailer. The front cut on the top and bottom are 
referred to as the top and bottom nose. In the center are two longer cuts, the top and 
bottom decks, which are separated by a gate. In the rear of the trailer is a compartment 
called the doghouse or jail.  Figure 1.1 illustrates the trailer design and compartments of a 




There are two main types of shocks installed on livestock transport trailers today: 
air-ride shocks and basic metal spring shocks. Air-ride shocks prevent sudden sharp 
movements, thus reducing the likelihood of throwing livestock off balance.  Its important 
to keep these suspension systems well maintained as that has the ability to reduce 
vibration and cause less stress (Singh, 1991). Drivers tend to over-inflate tires in an effort 
to extend the life of the tire, but this is probably detrimental to livestock as over-inflated 
tires can increase vibration (Stevens and Camp, 1979). 
Livestock are evenly distributed throughout the trailer to average 1.5 metric tons 
per axle. The legal load limit varies among states, but a good rule of thumb is a maximum 
load of 22.68 metric tons for a trailer that is 14.63 m in length or 24.94 metric tons for a 
16.51 m-long trailer. These recommendations vary with weather conditions and the type 
of cattle that are being transported (Burkholder et al., 2007).  For example, horned cattle 
would require more space on a trailer to decrease incidence of injury and bruising of 
other animals (Grandin, 2001). Refer back to Table 1.2 for proper stocking densities.  
1.6 Environmental stressors 
The general requirement of a transport vehicle is that it contains an adequate 
ventilation system to cool the animals during travel to ensure that the animals’ welfare is 
not compromised (Wikner et al., 2003). Heat builds up rapidly in stationary vehicles. As 
a result, it is important that trucks keep moving and make a minimum number of stops 
(Stevens et al., 1979). Wikner et al. (2003) studied the levels of temperature and relative 
humidity inside trailer compartments during transport and found that stops decreased the 
temperature in the winter time but increased temperature in the summer time. A stop 




explaining the rise in temperature during stops in the summer time. Greater stocking 
densities also increased temperature in each compartment.  
Cattle are homeothermic, meaning that they are able to maintain a relatively 
constant body temperature that is different than the surrounding temperature (Wikner et 
al., 2003). When there is greater difference between the body temperature and a lesser 
environmental temperature, the body must compensate by producing more heat. In 
contrast, when body temperature increases as a result of greater environmental 
temperature and is not able to dissipate enough heat, heat stress occurs. 
Heat can be dissipated through conduction, convection, radiation and evaporation 
(Wikner et al., 2003). Sweating and panting can increase the rate at which heat dissipates. 
Other factors to consider are the space between animals and the amount of feed and water 
consumed prior to transport. Humidity is a critical factor when considering the animal’s 
ability to cool itself. High ambient temperatures along with a high relative humidity will 
constrain the animals from releasing heat. Conversely, low temperatures paired with high 
relative humidity can cause hypothermia to occur. Figure 1.2 illustrates the levels of 
concern associated with ambient temperature and relative humidity when transporting
livestock. Lower and upper critical temperatures have been established for cattle as 
guidelines for the temperatures that cattle typically experience stress because of excess 
heat or cold. Cattle with heavy, dry winter hair coats have a lower critical temperature of 
-6°C, whereas cattle with wet coats have a lower critical temperature of -14°C 
(Richardson, 2004). It has been suggested that cattle should not exceed a temperature of 






temperature guidelines for cattle because of their ability to adjust to their zone of
thermoneutrality.  
1.7 Air quality 
The levels of atmospheric gases that cattle are exposed to during transport are a 
concern because specific quantities of carbon dioxide have been shown to cause irritation 
of the respiratory tract and lungs, and high levels of ammonia can inflame mucous 
membranes and cause irritation to the eyes in calves (Nordstrom and McQuitty, 1975).  
Animals exhale carbon dioxide and produce ammonia and hydrogen sulfide from their 
feces (Randall, 1993). One study assessing air quality in transport vehicles in Sweden 
concluded that carbon dioxide and ammonia levels fell well below those established as 
acceptable (Wikner et al., 2003). Acceptable levels of carbon dioxide and ammonia in the 
atmosphere during transport are 3mL/L and 0.02mL/L, respectively (Randall, 1993). 
More research is needed to access and determine air quality parameters for livestock 
transportation in the United States (Fike and Spire, 2006). 
1.8 Conclusion 
The intensity of stress response during transport can be analyzed by observing 
behavioral and physiological indicators (Tarrant, 1990). The ability of an animal to cope 
with stress while returning to a state of homeostasis is useful in determining if the stress 
is harmful (Borell, 2001).  Transportation is not limited to confinement in a moving 
vehicle but rather encompasses a chain of events including assembly prior to loading, 
loading, stationary confinement, confinement in motion, unloading, penning in a new 




moving truck is the most stressful component of the transportation process for intensively 
raised cattle (Tarrant, 1990) while loading/unloading may be more stressful for 
extensively raised or wild cattle (Tarrant and Grandin, 2000). 
Stocking density is an important consideration with high stocking densities being 
associated with greater stress response and number of falls compared to medium or low 
stocking densities (Tarrant et al., 1988). Cattle at higher stocking densities are unable to 
orient themselves in a preferred position on the moving truck. In truck compartments 
with lighter stocking densities, cattle preferred to position themselves either parallel or 
perpendicular to the direction of motion, avoiding diagonal orientation (Tarrant et al., 
1988; Tarrant, 1990). Cattle do not tend to lie down during transport but instead might 
display increased lying behavior after arrival due to fatigue (Kenny and Tarrant, 1987a; 
Kenny and Tarrant, 1987b; Tarrant et al., 1988; Tarrant et al., 1992).  A concern at high 
stocking densities is that a calf may fall down involuntarily and become trapped, unable 
to regain footing in an upright position (Kenny and Tarrant, 1987a).   
Environmental conditions, such as temperature and humidity, may contribute to 
the level of transport stress, particularly during times of high or low temperatures with 
high relative humidity (Wikner et al., 2003; White et al., 2009). Minimal stops should be 
taken during transport as air temperature and humidity increase in stationary vehicles 
(Wikner et al., 2003). Further research is needed to determine the effect of air quality on 
stress in cattle during transportation (Fike and Spire, 2006).  
Proper transportation practices are essential for decreasing transport stress and 
improving animal welfare. Several facets of the cattle industry have an impact on the 




intent would be that with more information through research, producers and truck 
operators could make more informed decisions to decrease transport stress and minimize 
shrink and bruising/injury. Further research is essential for determining the effect of 
stocking density on environmental factors (e.g., O2, methane, temperature humidity 























Table 1.1 Physiological indicators of livestock stress during transport1 
1Adapted from (Knowles and Warriss, 2000). 
Stressor Physiological variable2 
Measured in blood
Food deprivation FFA, β -OHB, glucose, urea 
Dehydration osmolality, total protein, albumin, PCV 
Physical exertion CK, lactate 
Fear/arousal cortisol, PCV 
Motion sickness vasopressin 
Other measures
Fear/arousal and physical heart rate,respiration rate
exertion
Hypothermia/hyperthermia body temperature, skin temperature 
2FFA = free fatty acids; β-OHB = β-hydroxybutyrate; PCV = packed cell volume, 
CK=creatine kinase. 
Table 1.2 Recommended truck loading densities for cattle transported by road1 
Feedlot fed steers or cows, Horned/tipped or more No horns (polled), m2 
kg than 10% horned & tipped, 
2m 
360 1.01 0.97 
454 1.20 1.11 
545 1.42 1.35 
635 1.76 1.67 








Figure 1.1 Depiction of cattle transport trailer design and compartments1 
The trailer is divided into 8 compartments: the nose on top deck (NOT), nose on bottom 
deck (NOB), bottom deck middle forward (BDF), bottom deck middle back (BDB), top 
deck middle forward (TDF), top deck middle back (TDB), rear on top deck (ROT), and 
rear on bottom deck (ROB). Dividing gates exist between BDB and BDF as well as TDB 
and TDF and can be left open to create a large compartment referred to as bottom middle 
(BOT) or top middle (TOP). 
1Adapted from (White et al., 2009). 
Figure 1.2 Livestock Weather Safety Index1 
Check the weather forecast for temperature and relative humidity. Locate the temperature 
on the Y-axis and draw a straight line across the chart horizontally until it intersects with 
the correct relative humidity from the X-axis.  






MATERIALS AND METHODS 
2.1 Animal management 
The cattle in this study were managed under the guidelines of a protocol approved 
by the Mississippi State University Animal Care and Use Committee. British-Continental 
(Bos taurus) crossbred steers (n = 200; mean BW = 361.53 ± 54.4 kg) were transported 
by truck-towed trailers over a 18-mo time period in three separate trials: December 2, 
2009 (Trip 1), June 4, 2010 (Trip 2), and November 30, 2010 (Trip 3). Steers were 
managed in tall fescue [Lolium arundinaceum (Schreb.)] pastures where they were 
supplied with fresh water and free-choice loose mineral supplement prior to the initiation 
of this study. Refer to Parish et al. (2013) for other details regarding tall fescue pasture 
treatments and animal management prior to shipment. At the conclusion of the grazing 
period, steers were randomly assigned to loading groups. Prior to loading, pen scores as 
an indicator of temperament, were obtained on all steers. Steers were separated into small 
groups and placed in a pen where their reactivity to the observer was measured on a scale 
of 1 to 5, following the guidelines recommended by the Beef Improvement Federation 
(2010). Two trained observers independently documented pen scores, and the resulting 
scores were averaged between observers. Cattle were then loaded and hauled from the 







elevation 97.5 m) to a feedlot near Macedonia, IA (latitude 41.174919°N; longitude 
95.459562°W; elevation 347 m). 
2.2 Transport vehicle 
Cattle were allotted to one of two truck-towed transport trailers, which were 
utilized for all three trips. Trailers were manufactured by Wilson Trailer Co. (Sioux City, 
IA). Trailer 1 was a spread axle, air-ride trailer and measured 16.9 × 2.59 × 4.14 m;
trailer 2 was a spread axle, spring-ride trailer that measured 15.85 × 2.59 × 4.14 m.
Dimensions of each individual compartment are listed in Figure 2.1. The floor was 
constructed of aluminum tread plate with five longitudinal corrugations. 
Steers were randomly allotted to one of two treatments, either high (333 ± 31.84 
kg BW/m2) or low (178 ± 34.46 kg BW/m2) stocking density. The high stocking density 
is in agreement with the stocking rate recommended by Grandin (2001) in the Livestock 
Trucking Guide, where it is suggested that 0.97 m2 be allowed for a 360-kg polled steer. 
2.3 Animal behavior 
Video cameras (JVC Everio S GZ-MS120; JVC Americas Corp., Wayne, NJ) 
were installed above each trailer compartment and recorded steer behavior for the first 8 
h of the journey for later analysis. Observers, who were trained to recognize animal 
behavior, viewed the film and recorded behavioral responses. Behavior was recorded 
continuously by direct observation and included aggressive behaviors (head butting, 
pushing, threatening, and mock fighting); sexual behaviors (mounting and chin resting); 
non-aversive behaviors (laying down and ruminating); and behaviors indicating a loss of 





position or orientation within each trailer compartment was recorded at 5-min intervals 
using one of six directional orientations: side left (SL), side right (SR), parallel front 
(PF), parallel back (PB), diagonal front (DF), and diagonal back (DB).  
2.4 Environmental measures 
Dry bulb temperature and relative humidity readings at the time of departure were 
obtained from the National Climate Data Center from the Columbus AFB Airport 
(13825) Columbus, MS station. The readings were the following: Trip 1: 10.6°C, 100% 
RH; Trip 2: 24.0°C, 94% RH; Trip 3: 10.2°C, 83% RH.  
2.5 Statistical analysis 
All data were analyzed using PROC MIXED in SAS (Version 9.1, SAS Inst. Inc., 
Cary, NC). Behavioral data were analyzed by the total number of observations for each 
individual behavior on a per hour basis. Behaviors were analyzed individually as well as 
by the classification groups (i.e. aggressive, sexual, non-aversive, and losses of balance) 
mentioned in Tarrant and Grandin (2000). Positional data were analyzed as a percent of 
total observations for each animal. Positions were analyzed individually as well as 
collectively for each direction (i.e. side, parallel, and diagonal). In addition, positional 
data were analyzed within each stocking density, where position was the main effect, and 
between stocking densities. A completely randomized design was used with steer as the 
experimental unit. The model included main effects and their interactions.   
In addition to analyzing the effect of stocking density on behavior and orientation, 
pen scores were used as a main effect to analyze the effect of temperament on behavioral 
response. Means were separated using the PDIFF function of SAS with the Tukey-
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Kramer adjustment. Significant differences were defined as P < 0.05. There was no effect 
of temperament on the behaviors observed at the level of P < 0.05; therefore, pen score 
was removed from the statistical model. The mean pen score of steers was 2.22 with 
scores ranging from 1 to 5. While pen scores of 4 and 5 were assigned, majority of steers 
scored a 1, 2, or 3. 
It has been documented that fescue toxicosis, resulting from grazing toxic levels 
of endophyte-infected tall fescue, can affect grazing behavior (Parish et al., 2003). With 
this in mind, the tall fescue cultivar and endophyte combinations used as treatments in the 
previous study were analyzed as a main effect. Means were separated using the PDIFF 
function of SAS with the Tukey-Kramer adjustment. Significant differences were defined 
as P < 0.05. 
Tall fescue cultivar and endophyte combination had an effect on ruminating 
behavior at the level of P < 0.05; therefore, it was included as a random variable in that 
statistical model. Tall fescue cultivar and endophyte combination was removed from the 
statistical model for the remaining behavioral responses in which it had no effect.  
It has been suggested that duration of trip can have an effect on the extent of 
behavioral responses observed for behaviors such as rumination and lying behavior 
(Knowles et al., 1997). With this in mind, a separate analysis was conducted which 
included time, either the first half (hours 1 through 4) or the second half (hours 5 through 
8) of an 8-h truck trip. Repeated measures analysis was used to analyze time where the 
statistical model included main effects and their interactions. For ruminating behavior, 
tall fescue cultivar and endophyte combination was included in the statistical model as a 





behavior for each time segment. A completely randomized design was used with steer as 
the experimental unit. Means were separated using the PDIFF function of SAS with the 




  Figure 2.1 Cattle transport trailer compartment dimensions1 









3.1 Behavioral response to transport 
3.1.1 Aggressive behaviors 
Aggressive behaviors (Table 3.3) were defined as head-butting, pushing, 
threatening, and mock-fighting. However, there were not any occurrences of threatening 
or mock-fighting behavior observed in this study. Tall fescue variety did not have an 
effect on aggressive behaviors when analyzed as a group or individually; therefore, it was 
removed from the model. When analyzing head-butting and pushing behaviors 
collectively, aggressive behaviors were observed more frequently in steers subjected to
low stocking density (P < .0001). 
There was a stocking density by trip effect for head-butting and pushing 
behaviors. Least square means for head-butting behavior were numerically greater for 
steers placed in the low stocking density; however, only steers placed in the low stocking 
density during trip 3 were statistically greater (P < 0.05). Least square means for pushing 
behavior were numerically greater for steers subjected to low stocking density; but steers 
placed in the low stocking density on trip 2 were not statistically different (P < 0.05). 
Steers placed in low stocking density on trip 1 had significantly more incidences of 
pushing (P < 0.05), when compared to all other trip and stocking density combinations. 





steers in low stocking density on trip 2, but had significantly more occurrences of 
pushing than steers placed in high stocking density on trips 1, 2, and 3 (P < 0.05). Steers 
placed in low stocking density on trip 2 and high stocking density on trip 3 tended to 
approach significance (P = 0.07). 
When analyzing the effect of time on head-butting and pushing behavior (Table 
3.10), there was a stocking density by trip effect for head-butting behavior; however, time
did not affect the number of head-butting occurrences. Steers subjected to the low 
stocking density on trip 3 had the more (P < 0.05) instances of head-butting than all other 
stocking density and trip combinations. For pushing behavior, there was a stocking 
density by trip by time effect (P < 0.05) where steers subjected to the low stocking 
density on trip one during hours 1 through 4 had the most occurrences of pushing 
behavior, with the exception of steers subjected to the low stocking density on trips 1 and 
2 during hours 1 through 4, which were not different (P > 0.06). However, steers placed 
in the low stocking density on trip 2 during hours 1 through 4 and steers placed in the low 
stoking density on trip 1 during hours 5 through 8 did approach significance (P = 0.06). 
3.1.2 Sexual behaviors 
Sexual behaviors (Table 3.4) included mounting and chin-resting. These 
behaviors did not occur as frequently, and in some cases may not have occurred at all 
within a stocking density on a given trip. For this reason, they were only analyzed as 
separate behaviors. More occurrences of chin-resting behavior were observed in steers 
placed in low stocking density (P < 0.05); however, this behavior was only observed on 




difference in mounting response between steers subjected to the low or high stocking 
densities (P = 0.98). 
Time had no effect (P = 0.08) on mounting behavior; however, there was a 
stocking density by trip effect (P < 0.05) for chin-resting behavior (Table 3.11). There 
was a tendency (P = 0.08) for a stocking density by trip effect for mounting behavior; 
however, none of the stocking density and trip combinations were statistically different 
(P > 0.17). There was a stocking density by trip effect (P < 0.05) for chin-resting 
behaviors, where more chin-resting behavior was observed in steers subjected to the low 
stocking density. However, steers subjected to the high stocking density on trip 3 were 
not different (P > 0.10) from steers subjected to the low stocking density on trips 2 and 3.  
It should be noted that no chin-resting was observed in steers subjected to the high 
stocking density. 
3.1.3 Non-aversive behaviors 
Non-aversive behaviors (Table 3.5) included ruminating and lying down. Because 
these two behaviors could have occurred simultaneously and they did not occur very 
frequently, they were analyzed as separate behaviors only. There was a stocking density 
by trip effect for lying behavior where the behavior occurred more frequently in steers 
that were subjected to low stocking density on trip 2 (P < 0.05). All other trip and 
stocking density combinations were not different (P > 0.08); however, least square means 
for ruminating behavior in steers subjected to high stocking density on trips 1 and 2 
tended to approach significance (P = 0.08). It should be noted that lying behavior only 
occurred in trips 2 and 3, with no occurrences of lying behavior in trip 1.  
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Tall fescue cultivar and endophyte combination had an effect on rumination (P < 
0.05) in that steers grazing a non-ergot alkaloid-producing endophyte-infected tall fescue 
cultivar ruminated more frequently than steers grazing tall fescue infected with at least 
42% ergot alkaloid-producing endophyte. To this end, tall fescue cultivar and endophyte 
combination was included as a random variable when evaluating the effect of stocking 
density on rumination. For ruminating behavior, there was a stocking density by trip 
effect (P < 0.0001) where steers subjected to the low stocking density during trip 3 
ruminated more frequently (P < 0.05) than steers in all other trip and stocking density 
combinations. Ruminating behavior in steers subjected to high stocking density on trips 1 
and 2 tended to approach significance (P = 0.06). 
When analyzing the effect of time on ruminating and lying behavior (Table 3.12), 
there was a stocking density by trip by time effect for ruminating behavior where steers 
subjected to the low stocking density on trip 3 during hours 1 through 4 and hours 5 
through 8 had more (P < 0.05) occurrences of ruminating behavior than all other stocking 
density, trip, and time combinations, with the exception of steers subjected to the low 
stocking density on trip 2 during hours 5 though 8 which was not different (P = 0.98). 
Steers placed in the high stocking density on trip 1 during hours 1 through 4 and 5 
through 8 had the fewest (P < 0.05) occurrences of ruminating behavior, with the 
exception of steers subjected to the low stocking density on trip 1 during hours 1 through 
4 and 5 through 8, steers subjected to the low stocking density on trip 2 during hours 1 
through 4, and steers subjected to the high stocking density on trips 2 and 3 during hours 
1 through 4 and 5 through 8 which were not different (P > 0.17). Steers subjected to the 





stocking density on trip 2 during hours 5 through 8 approached significance (P = 0.09). 
For lying behavior, there was a stocking density by trip by time effect where steers 
subjected to the low stocking density on trip 2 during hours 5 through 8 had more (P < 
0.0001) occurrences of lying behavior than all other stocking density, trip, and time 
combinations. There were no differences (P > 0.75) between the remaining stocking 
density, trip and time combinations.   
3.1.4 Behaviors indicating loss of balance 
Behaviors indicating losses of balance (Table 3.6) were shifting, struggling, 
falling/slipping, and unsuccessful attempts to stand.  There were no occurrences of 
unsuccessful attempts to stand in the trips analyzed for this experiment. There was a 
stocking density by trip effect for behaviors indicating a loss of balance. More instances 
where animals lost their balance were observed in steers subjected to low stocking 
density on trip 2 (P < 0.05). Intermediate to steers in the low stocking density on trip 2 
were steers subjected to the low stocking density on trip 3 and the high stocking density 
on trips 2 and 3. Least square means for steers placed in high stocking density on trips 2 
and 3 approached significance (P = 0.07). Steers in high stocking density on trip 2 lost 
their balance more frequently than steers in both the low and high stocking densities on 
trip 1 (P < 0.05). Struggling behavior occurred more often in steers placed in the low 
stocking density on trips 1 and 2 (P < 0.05); however, it should be noted that struggling 
behavior was not observed in steers in any of the other stocking density and trip 
combinations.  
There was a stocking density by trip effect for shifting behavior. Shifting behavior 







< 0.05). Intermediate to this were steers assigned to the low stocking density on trip 3 and 
steers assigned to the high stocking density on trips 2 and 3, where steers in the high 
stocking density on trip 2 had significantly more (P < 0.05) shifting than steers in the 
high and low stocking density on trip 1. Least square means approached significance for 
steers placed in high stocking density on trips 2 and 3 (P = 0.08), steers placed in the low 
stocking density on trips 1 and 3 (P = 0.09), steers placed in the low stocking density on
trip 1 and steers placed in the high stocking density on trip 3 (P = 0.07). Steers subjected 
to high stocking density on trip 1 had the least occurrences of shifting behavior (P < 
0.05). There was a stocking density by trip effect for falling/slipping behavior. More 
falling/slipping behavior (P < 0.0001) was observed in steers placed in the low stocking
density on trip 2; however, it should be noted that this behavior did not occur in any of
the other stocking density and trip combinations.  
When analyzing the effect of time on shifting, struggling, and falling/slipping 
behaviors: there was a stocking density by trip by time effect for all the before mentioned 
behaviors. Steers subjected to the low stocking density on trip 1 during hours 1 through 4 
had more (P < 0.0001) occurrences of shifting behavior than all other stocking density, 
trip, and time combinations. Intermediate to this were steers subjected to the low stocking 
density on trip 3 during hours 1 through 4, steers subjected to the low stocking density on 
trip 2 during hours 5 through 8, steers subjected to the high stocking density on trip 2 
during hours 1 through 4 and 5 through 8, and steers subjected to the high stocking 
density on trip 2 during hours 5 through 8. Steers placed in the high stocking density on 
trip 3 during hours 1 through 4 approached significance (P = 0.06) with steers subjected 





on trip 3 during hours 5 through 8, and the low stocking density on trip 3 during hours 5 
through 8. In addition, steers subjected to the low stocking density on trip 3 during hours 
1 through 4 approached significance (P = 0.06) with steers subjected to the low stocking 
density on trip 3 during hours 5 through 8 and the high stocking density on trips 1 and 3 
during hours 5 through 8. For struggling behavior, steers subjected low stocking density 
on trips 1 and 2 during hours 1 through 4 had the only occurrences of struggling 
behavior; however, only steers subjected to the low stocking density on trip 1 during 
hours 1 through 4 were statistically different (P < 0.05) than all other stocking density by 
trip by time combinations. Steers placed in the low stocking density on trips 1 and 2 
during hours 1 through 4 approached significance (P = 0.07). For falling/slipping 
behavior, steers subjected to the low stocking density on trip 2 during hours 5 through 8 
had more (P < 0.05) occurrences of falling/slipping behavior than all other stocking 
density, trip, and time combinations. However, it should be mentioned that 
falling/slipping behavior did not occur in the remaining stocking density, trip, and time 
combinations.  
3.2 Positional Orientation
3.2.1 Low stocking density 
Steers placed in the low stocking density (Table 3.7; Figure 3.1) spent the greatest 
(P < 0.0001) proportion of the trip facing either side-left or side-right over all other 
orientations, with a greater (P < 0.05) proportion of steers facing side-left. Steers showed 
no bias (P > 0.05) among the orientations parallel front, parallel back, diagonal front, or 
diagonal back. Although, parallel back and diagonal back positions approached 





3.2.2 High stocking density 
Steers placed in the high stocking density (Table 3.7; Figure 3.1) spent the 
greatest (P < 0.0001) proportion of the trip facing either side-left or side-right over all 
other orientations. In addition, steers spent more (P < 0.05) time facing side-left than 
side-right. Intermediate to side-left and side-right were parallel-front and parallel-back 
orientations; however, the parallel-front orientation was not different (P > 0.05) than 
diagonal-back and diagonal-front orientations. 
3.2.3 Differences in positional orientation between stocking densities 
When analyzing proportion of time spent in each positional orientation between 
steers placed in either low or high stocking densities (Table 3.8) steers in the high 
stocking density spent a greater (P < 0.0001) proportion of time standing in the side 
(either side left or side right) orientations. Steers placed in low stocking density spent a 
greater (P < 0.05) proportion of the trip standing in the parallel orientations (either 
parallel-front or parallel back) than steers in the high stocking density. There was a 
stocking density by trip effect (P < 0.05) for the proportion of trip spent in diagonal 
orientations (either diagonal-front or diagonal-back). Least square means for steers 
placed in low stocking density were numerically greater than steers placed in high 
stocking density; however, only trip 1 was different (P < 0.05) than all other stocking 
density and trip combinations, with the exception of steers subjected to the low stocking 
density on trip 2 which was not different (P = 0.20). Steers subjected to low stocking 
density on trip 1 spent a greater proportion (P < 0.05) of time standing diagonally than all 
other stocking density and trip combinations, except compared with steers placed in the 
low stocking density on trip 2 which were not different (P = 0.20). Intermediate to this, 
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were steers placed in the low stocking density on trips 2 and 3 and steers placed in the 
high stocking density on trip 3. Similar to least square means for steers subjected to the 
high and low stocking density on trip 3 were steers placed in the high stocking density on 
trip two, where steers in the low stocking density on trip 3 and steers in the high stocking 
density on trip 2 approached significance (P = 0.08). Least square means for high 
stocking density on trip 1 were less (P < 0.05) than all other stocking density and trip 
combinations, except steers placed in high stocking density on trip 2 which were similar 
(P = 0.21). 
There was no difference (P = 0.11) between stocking densities (Table 3.9) for the 
side-left orientation. Steers subjected to the high stocking density spent a greater (P < 
0.05) proportion of the trip facing side-right than steers placed in the low stocking 
density. Steers placed in low stocking density spent a greater (P < 0.05) proportion of the 
trip facing parallel-front and parallel-back. In addition to the stocking density effect for 
the parallel-front orientation, there was a trip effect (P < 0.05) where steers in trips 1 and 
2 spent a greater proportion of the trip facing parallel-front than trip 3. There was a 
stocking density by trip effect (P < 0.05) for the diagonal-front orientation. Steers placed 
in low stocking density on trip 1 spent a greater proportion of the trip facing diagonal-
front than steers in all other stocking density and trip combinations (P < 0.05), except the 
low stocking density on trip 2 which was similar (P = 0.37). The low stocking density on 
trip 2 was not different (P > 0.07) from the low stocking density on trip 3 and high 
stocking density on trips 2 and 3, where the low and high stocking densities on trip 2 
approached significance (P = 0.07). The low stocking density on trip 3 and high stocking 




on trip 3 and high stocking density on trip 1 (P = 0.06) as well as the high stocking 
density on trips 1 and 3 (P = 0.08) approached significance. There was a stocking density 
by trip effect (P < 0.05) for the diagonal-back orientation where steers placed in low 
stocking density on trip 1 spent a greater proportion of time facing diagonal back than 
steers in all other stocking density and trip combinations, except trip 2 which was not 
different (P = 0.24). Intermediate to this were steers subjected to low stocking density on 
trips 2 and 3 and high stocking density on trip 3. The low stocking density on trip 3 and 
high stocking density on trips 2 and 3 were not different (P = 0.06) but approached 
significance when comparing the low stocking density on trip 3 and high stocking density 
on trip 2 (P = 0.06). Steers in the high stocking density on trip 1 spent significant less (P 
< 0.05) time facing diagonal back than steers in all other stocking density and trip 
combinations, except steers in the high stocking density on trip 2 which was not different 






   
    
    
   
    
    
    
   
   
   
    
    
    
    
    
   
 
  
Table 3.1 Aggressive behaviors of steers during truck transport: behavior hr-
1
steer -1 








1 L 0.125 ± 0.110b
SD × Trip < 0.05
 2 L 0.187 ± 0.160b
 3 L 0.665 ± 0.090a
 1 H 0.013 ± 0.060b
 2 H 0.014 ± 0.058b
 3 H 0.041 ± 0.078b
 Pushing SD × Trip < 0.05
 1 L 1.610 ± 0.176a
 2 L 0.859 ± 0.257b,c*
 3 L 0.865 ± 0.145b
 1 H 0.460 ± 0.096c
 2 H 0.439 ± 0.093c
 3 H 0.344 ± 0.126c* 
1Trip (8 h): Trip 1 = December 2, 2009; Trip 2 = June 4, 2010; Trip 3 = November 30, 
2010. 
2SD = Stocking Density; L = Low (178 ± 34.46 kg BW/m2); H = High (333 ± 31.84 kg 
BW/m2).
3Aggressive behaviors included head-butting and pushing behaviors analyzed 
collectively; there were no occurrences of mock fighting or threatening behavior.  







   
  
    
    
  





















0.010 ± 0.009a 
0.010 ± 0.005a 
0.98 
1Trip (8 h): Trip 1 = December 2, 2009; Trip 2 = June 4, 2010; Trip 3 = November 30, 
2010. 
2SD = Stocking Density; L = Low (178 ± 34.46 kg BW/m2); H = High (333 ± 31.84 kg 
BW/m2).
3Sexual behaviors included chin-resting and mounting; these behaviors were not analyzed 
collectively.







   
    
   
    
    
    
   
   
    
   
   
    
    
   




Table 3.3 Non-aversive behaviors of steers during truck transport: behavior hr-
1
animal -1 




1 L 0.000 ± 0.097b 
SD × Trip < 0.0001
2 L 1.562 ± 0.141a 
3 L 0.010 ± 0.080b 
1 H 0.000 ± 0.053b** 
2 H 0.129 ± 0.051b** 
3 H 0.007 ± 0.069b
  Ruminating 
1 L 0.092 ± 0.120b 
SD × Trip < 0.0001
2 L 0.218 ± 0.154b 
3 L 0.974 ± 0.096a 
1 H 0.027 ± 0.074b*
 2 H 0.174 ±0.074b* 
3 H 0.129 ± 0.088b 
1Trip (8 h): Trip 1 = December 2, 2009; Trip 2 = June 4, 2010; Trip 3 = November 30, 
2010. 
2SD = Stocking Density; L = Low (178 ± 34.46 kg BW/m2); H = High (333 ± 31.84 kg 
BW/m2).
3Non-aversive behaviors included lying down and ruminating; behaviors were not 
analyzed collectively.
a,bWithin a column, within behavior, means without a common superscript differ (P < 
0.05).






   
   
   
   
   
   
   
    
   
    
    
    
   
   
    
    
    
    
    
    
   
    
    
    
    
    
    
    
  
  
Table 3.4 Behaviors of steers during truck transport indicating a loss of balance: 
behavior hr-1steer -1 
Behavior Trip1 SD2 Least Square Effect P-value 
Means ± SE
Loss of balance3 
1 L 0.625 ± 0.209c,d
SD × Trip < 0.05
 2 L 2.390 ± 0.305a
 3 L 1.035 ± 0.172b,c
 1 H 0.574 ± 0.114d
 2 H 1.370 ± 0.111b*
 3 H 1.049 ± 0.150b,c*
 Struggling SD × Trip < 0.05
1 L 0.044 ± 0.007a 
2 L 0.031 ± 0.010a 
3 L 0.000 ± 0.006b 
1 H 0.000 ± 0.004b 
2 H 0.000 ± 0.003b 
3 H 0.000 ± 0.005b
 Shifting 
1 L 0.580 ± 0.209c,d*,*** 
SD × Trip < 0.05
2 L 2.343 ± 0.305a 
3 L 1.035 ± 0.172b,c*** 
1 H 0.574 ± 0.114d 
2 H 1.370 ± 0.111b** 
3 H 1.049 ± 0.150b,c*,**
  Falling/slipping 
1 L 0.000 ± 0.002b 
SD × Trip < 0.0001
2 L 0.015 ± 0.002a 
3 L 0.000 ± 0.001b 
1 H 0.000 ± 0.001b 
2 H 0.000 ± 0.001b 
3 H 0.000 ± 0.001b 
1Trip (8 h): Trip 1 = December 2, 2009; Trip 2 = June 4, 2010; Trip 3 = November 30, 
2010. 
2SD = Stocking Density; L = Low (178 ± 34.46 kg BW/m2); H = High (333 ± 31.84 kg 
BW/m2).
3Agressive behaviors included head-butting and pushing behaviors analyzed collectively; 
there were no occurrences of mock fighting or threatening behavior.  
a,b,c,dWithin a column, within behavior, means without a common superscript differ (P < 
0.05).





   
      
    
    
    
    
    
  
     
   
   
   
   
   
  
Table 3.5 Positional orientation of steers subjected to either low or high stocking 
density as a proportion of an 8-h truck trip 
Position1 Least Square Effect P-value 
Means ± SE
Low SD2 Position < 0.0001 
SL 37.487 ± 1.753a
 SR 30.718 ± 1.753b
 PF 7.942 ± 1.753c
 PB 10.648 ± 1.753c*
 DF 7.302 ± 1.753c
 DB 5.901 ± 1.753c* 
High SD Position < 0.0001 
SL 42.873 ± 1.027a
 SR 38.131 ± 1.027b
 PF 5.442 ± 1.027c,d
 PB 6.790 ± 1.027c
 DF 3.518 ± 1.027d
 DB 3.243 ± 1.027d 
1Position: SL = side-left; SR = side-right; Side = SL and SR collectively; PF = parallel-
front; PB = parallel-back; Parallel = PF and PB collectively; DF = diagonal-front; DB = 
diagonal-back; Diagonal = DF and DB collectively. 
2SD = Stocking Density; L = Low (178 ± 34.46 kg BW/m2); H = High (333 ± 31.84 kg 
BW/m2).
a,b,c,dWithin a column, within stocking density, means without a common superscript 
differ (P < 0.05).






    
      
  
      
      
    
    
    
    
    
    
    
 
  
Table 3.6 Differences between positional orientation (side, parallel, and diagonal) of 
steers subjected to either low or high stocking density as a proportion of an 








68.205 ± 2.213b 







18.590 ± 1.926a 















17.032 ± 1.732a 
13.164 ± 2.525a,b 
9.412 ± 1.428b,c*** 
4.869 ± 0.945d 
6.509 ± 0.922c,d*** 
8.907 ± 1.243b,c 
SD × Trip < 0.05
1Position: Side = SL and SR collectively; Parallel = PF and PB collectively; Diagonal = 
DF and DB collectively.
2SD = Stocking Density; L = Low (178 ± 34.46 kg BW/m2); H = High (333 ± 31.84 kg 
BW/m2).
a,b,c,dWithin a column, within position, means without a common superscript differ (P < 
0.05).





         
 
    
 
    
     
       
  
       
     
    
    
   
   
      
         
  
   
   
    
    
    
  
    
    
    
    
    
  
Table 3.7 Differences between positional orientation of steers subjected to either low 
or high stocking density as a proportion of an 8-h truck trip 




SL L 37.487 ± 2.959a  0.11 
H 42.873 ± 1.588a
 SR L 30.718 ± 2.854b SD < 0.05 
H 38.131 ± 1.532a 
Parallel 
PF L 7.942 ± 1.099a SD < 0.05
H 5.442 ± 0.590b 
1 8.193 ± 0.963a Trip < 0.05
2 7.092 ± 1.312a 
3 4.792 ± 0.924b
 PB L 10.648 ± 1.396a 






9.542 ± 1.339a 
7.436 ± 1.952a,b** 
SD × Trip < 0.05
3 L 4.927 ± 1.104b,c* 
1 H 2.380 ± 0.731c*,*** 
2 H 3.663 ± 0.712b,c** 
3 H 4.512 ± 0.961b,c***




7.490 ± 0.862a 
5.728 ± 1.257a,b 
SD × Trip < 0.05
3 L 4.484 ± 0.711b,c* 
1 H 2.489 ± 0.471d 
2 H 2.846 ± 0.459c,d* 
3 H 4.395 ± 0.619b,c 
1Position: SL = side-left; SR = side-right; PF = parallel-front; PB = parallel-back; DF = 
diagonal-front; DB = diagonal-back.
2SD = Stocking Density; L = Low (178 ± 34.46 kg BW/m2); H = High (333 ± 31.84 kg 
BW/m2).
a,b,c,dWithin a column, within position, means without a common superscript differ (P < 
0.05).






         
         
         
           
         
         
         
           

















Table 3.8 Differences in head-butting and pushing behavior between the first 4 h 
(hours 1 though 4) and last 4 h (hours 5 through 8) of an 8-h truck trip, 
expressed as mean number of behavioral observations for each steer 
Trip1 SD2 Time3 Least Square 
Means ± SE
Effect P-value 
Head-butting SD × Trip P < 0.05
 1 L 0.535 ± 0.378b
 2 L 0.750 ± 0.501b



























































1.129 ± 0.593c 
1Trip (8 h): Trip 1 = December 2, 2009; Trip 2 = June 4, 2010; Trip 3 = November 30, 
2010. 
2Stocking density: L = Low (178 ± 34.46 kg BW/m2); H = High (333 ± 31.84 kg 
BW/m2).
3Time: 1 = hours 1 through 4; 2 = hours 5 through 8. 
a,b,cWithin a column, within behavior, means without a common superscript differ (P < 
0.05).






       
  
  















Table 3.9 Time, differences in behavioral response between hours 1 though 4 and 
hours 5 through 8, had no effect on mounting or chin-resting behaviors 
during an 8-h truck trip 










0.035 ± 0.070 
0.000 ± 0.093 
0.140 ± 0.052 







0.127 ± 0.035 
0.008 ± 0.035 




















0.000 ± 0.015b,c 
1Trip (8 h): Trip 1 = December 2, 2009; Trip 2 = June 4, 2010; Trip 3 = November 30, 
2010. 
2Stocking density: L = Low (178 ± 34.46 kg BW/m2); H = High (333 ± 31.84 kg 
BW/m2).
a,b,cWithin a column, within behavior, means without a common superscript differ (P < 
0.05).

















      
  
  
   
      





















Table 3.10 Differences in ruminating and lying behavior between the first 4 h (hours 1 
though 4) and last 4 h (hours 5 through 8) of an 8-h truck trip, expressed as 
mean number of behavioral observations for each steer 
Trip1 SD2 Time3 Least Square 
Means ± SE
Effect P-value 
Ruminating SD × Trip × Time P < 0.05
 1 L 1 0.035 ± 0.563b,c*
 2 L 1 0.374 ± 0.741b,c
 3 L 1 3.909 ± 0.425a
 1 L 2 0.535 ± 0.563b,c
 2 L 2 2.874 ± 0.741a,b*
 3 L 2 3.349 ± 0.425a
 1 H 1 0.032 ± 0.294c
 2 H 1 0.178 ± 0.292b,c
 3 H 1 0.384 ± 0.383b,c
 1 H 2 0.032 ± 0.294c
 2 H 2 1.142 ± 0.292b,c
 3 H 2 0.513 ± 0.383b,c 
Lying 
1 L 1 0.000 ± 0.423b
SD × Trip × Time P < 0.0001
 2 L 1 0.000 ±0.559b
 3 L 1 0.080 ± 0.316b
 1 L 2 0.000 ± 0.423b
 2 L 2 10.250 ± 0.559a
 3 L 2 0.080 ± 0.316b
 1 H 1 0.000 ± 0.213b
 2 H 1 0.014 ± 0.211b
 3 H 1 0.064 ± 0.284b
 1 H 2 0.000 ± 0.213b
 2 H 2 0.357 ± 0.211b
 3 H 2 0.000 ± 0.284b 
1Trip (8 h): Trip 1 = December 2, 2009; Trip 2 = June 4, 2010; Trip 3 = November 30, 2010.
2Stocking density: L = Low (178 ± 34.46 kg BW/m2); H = High (333 ± 31.84 kg BW/m2).
3Time: 1 = hours 1 through 4; 2 = hours 5 through 8.
a,b,cWithin a column, within behavior, means without a common superscript differ (P < 0.05).





















      





















Table 3.11 Differences in shifting and struggling behavior between the first 4 h (hours 1 
though 4) and last 4 h (hours 5 through 8) of an 8-h truck trip, expressed as 
mean number of behavioral observations for each steer 




1 L 1 2.500 ± 0.978c,d
SD × Trip × Time P < 0.0001
 2 L 1 15.125 ± 1.293a
 3 L 1 5.800 ± 0.731b,c*
,*,* 
1 L 2 2.428 ± 0.978c,d
 2 L 2 3.625 ± 1.293b,c
 3 L 2 2.440 ± 0.731c,d*
,* 
1 H 1 1.654 ± 0.493d
 2 H 1 6.303 ± 0.489b
 3 H 1 5.612 ± 0.657b,c*
,*,* 
1 H 2 2.963 ± 0.493c,d*
,* 
2 H 2 4.660 ± 0.489b,c
 3 H 2 2.612 ± 0.657c,d*
,* 
Struggling 
1 L 1 0.357 ± 0.044a**
SD × Trip × Time P < 0.05 
2 L 1 0.125 ± 0.058a,b**
 3 L 1 0.000 ± 0.032b
 1 L 2 0.000 ± 0.039b
 2 L 2 0.000 ± 0.057b
 3 L 2 0.000 ± 0.032b
 1 H 1 0.000 ± 0.021b
 2 H 1 0.000 ± 0.019b
 3 H 1 0.000 ± 0.028b
 1 H 2 0.000 ± 0.021b
 2 H 2 0.000 ± 0.019b
 3 H 2 0.000 ± 0.028b 
1Trip (8 h): Trip 1 = December 2, 2009; Trip 2 = June 4, 2010; Trip 3 = November 30, 2010.
2Stocking density: L = Low (178 ± 34.46 kg BW/m2); H = High (333 ± 31.84 kg BW/m2).
3Time: 1 = hours 1 through 4; 2 = hours 5 through 8.
a,b,c,dWithin a column, within behavior, means without a common superscript differ (P < 0.05).
























Table 3.12 Differences in falling/slipping behavior between the first 4 h (hours 1 
though 4) and last 4 h (hours 5 through 8) of an 8-h truck trip, expressed as 
mean number of behavioral observations for each steer 




1 L 1 0.000 ± 0.013b
SD × Trip × Time P < 0.05
 2 L 1 0.000 ± 0.017b
 3 L 1 0.000 ± 0.009b
 1 L 2 0.000 ± 0.013b
 2 L 2 0.125 ± 0.017a
 3 L 2 0.000 ± 0.009b
 1 H 1 0.000 ± 0.006b
 2 H 1 0.000 ± 0.006b
 3 H 1 0.000 ± 0.008b
 1 H 2 0.000 ± 0.006b
 2 H 2 0.000 ± 0.006b
 3 H 2 0.000 ± 0.008b 
1Trip (8 h): Trip 1 = December 2, 2009; Trip 2 = June 4, 2010; Trip 3 = November 30, 
2010. 
2Stocking density: L = Low (178 ± 34.46 kg BW/m2); H = High (333 ± 31.84 kg 
BW/m2).
3Time: 1 = hours 1 through 4; 2 = hours 5 through 8. 






Figure 3.1 Proportion of trip spent facing in each positional orientation for steers 
transported by truck for 8 h subjected to either low or high stocking 
density1 
1Stocking density: L = Low (178 ± 34.46 kg BW/m2); H = High (333 ± 31.84 kg 
BW/m2).
2Position: SL = side-left; SR = side-right; PF = parallel-front; PB = parallel-back; DF = 
diagonal-front; DB = diagonal-back.
a,b,c,dWithin low stocking density, means without a common letter differ (P < 0.05).
a,b,c,dWithin high stocking density, means without a common letter differ (P < 0.05).








4.1 Behavioral response to transport 
4.1.1 Aggressive behaviors 
Aggressive behaviors occurred more frequently in steers subjected to low
stocking density than high stocking density, whereas least square means for both head 
butting and pushing behaviors were numerically greater for steers placed in low stocking 
density. Mock fighting and threatening behaviors were not seen in this study for steers 
subjected to the low or high stocking densities. Tarrant et al. (1988) concluded that 
aggressive behaviors were less frequent at high stocking densities, with the exception of 
pushing. In the current experiment, pushing incidence was greater in steers subjected to 
the low stocking density during trip 1 and 2, however, there were no differences among 
other stocking density and trip combinations. It is possible that steers in the high stocking 
density were more confined and unable to elicit pushing behavior because of the limited 
space and freedom of movement was compromised. This could be beneficial for animal 
welfare as there were fewer incidences where injury could have resulted from aggressive 
behaviors in the high stocking density. 
Time, differences in behavioral response between the first half (hours 1 through 
4) and second half (hours 5 through 8) of an 8-h truck trip, did not have an effect on 




treatment by time effect for pushing behavior; however, there was no clear indication 
suggesting that more pushing occurred in either the first half or second half of the trip. 
Occurrences of pushing behavior were numerically greater for steers subjected to the low 
stocking density. However, there were no statistical differences between hours 1 through 
4 and hours 5 through 8, within trip and stocking density. This suggests that head-butting 
and pushing behaviors occur in a constant pattern.  
4.1.2 Sexual behaviors 
Sexual behaviors did occur in this study but were not as prevalent as other 
behaviors observed. Chin-resting behaviors were more readily observed in steers placed 
in low stocking density than high stocking density; however, no chin-resting behavior 
occurred in high stocking density. Mounting behavior did occur but there were no 
differences between stocking densities. It is possible that more sexual behaviors may 
have occurred if both steers and heifers were comingled amongst stocking densities or if 
only heifers had been transported, as opposed to all steers as in this experiment. Kenny 
and Tarrant (1987b) reported that mounting and chin resting behaviors occurred at a 
much lower frequency in steers than in young bulls. Tarrant et al. (1988) concluded that 
sexual behaviors were inhibited at high stocking densities, except mounting behavior. 
This conclusion was not supported by the present experiment. Mounting behavior only 
rarely occurred in both groups of steers subjected to low and high stocking density, and 
stocking density had no effect on this behavior. This suggests that mounting behavior in 
the current experiment could be better described as a display of dominance or 
aggressiveness rather than a sexual behavior. However, there was no correlation between 





that steers may use mounting behavior as a mode of displaying dominance when 
determining social hierarchy within a trailer compartment. 
Time did not have an effect on mounting or chin-resting behaviors. However, it 
should be pointed out that these behaviors rarely occurred. Mounting behavior was not 
observed in steers subjected to the low stocking density on trip 2 or steers subjected to the 
high stocking density on trip 3, while chin-resting behavior was not observed in steers 
subjected to the high stocking density. It is possible that with a larger data set, more 
occurrences of mounting and chin-resting behavior would have been observed and time
might have an effect on behavioral response.  
4.1.3 Non-aversive behaviors 
Non-aversive behaviors included lying down and ruminating. Previous studies 
have indicated that cattle rarely lay down in transportation vehicles while they are in 
motion (Kenny and Tarrant, 1987a; Kenny and Tarrant, 1987b; Tarrant, 1988). In the 
present experiment, steers exhibited lying behavior in both low and high stocking 
densities during trips 2 and 3; but not during trip 1. Other experiments have suggested 
that calf age as well as duration of the journey may influence frequency of lying behavior 
en route. Knowles et al. (1997) reported that calves transported for 19 h spent more of the 
first 10 h of the trip standing compared to the last 9 h. In an experiment by Kent and 
Ewbank (1986b), calves transported at < 4 wk of age spent 33 to 36% of their time lying 
down. When the same study was repeated with calves 3 mo of age they spent 13 to 46% 
of their time lying down (Kent and Ewbank, 1986a) and at 6 mo of age the calves spent 
5.7% of their time lying down (Kent and Ewbank, 1983). Compared to other species, 




suggesting they might experience fatigue as the trip progresses (Knowles, 1998; Warriss, 
1998). Knowles et al. (1993) concluded that sheep will lie down if at a low enough 
stocking density, but not to the extent that they would in a static pen at similar stocking 
density. As stocking density increased, the proportion of sheep lying down decreased. 
This suggests that differences in calf age as well as length of the journey in previous 
experiments as well as the current experiment, might explain varying reports of lying 
behavior. 
Ruminating behavior was observed in all stocking density and trip combinations, 
where least square means for steers subjected to low stocking density were numerically 
greater than steers in high stocking density for each trip. In a similar study, Kenny (1985) 
concluded that rumination, while in confinement on a stationary vehicle, was rarely 
observed in steers but more frequently observed in heifers where both groups had access 
to roughage ad libitum. In the same experiment, the motion of the truck inhibited 
ruminating behavior. It is suggested that a greater frequency of rumination may indicate 
better adaptation to an unfamiliar environment (Kenny and Tarrant, 1987a). In this 
experiment, it is possible that steers were not as affected by the unfamiliar environment 
of confinement on a moving truck and ruminated throughout the trip. The different 
stocker grazing treatments prior to the initiation of the current experiment should be 
mentioned. Tall fescue cultivar and endophyte-combination during stockering did have
an effect on ruminating behavior, with steers having grazed the non-ergot alkaloid-
producing endophyte-infected tall fescue ruminating more often than steers having grazed 
at least 42% contaminated ergot alkaloid-producing endophyte-infected tall fescue. Parish 
et al. (2003) found that steers grazing non-ergot alkaloid-producing endophyte-infected 
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tall fescue had greater ADG than steers grazing ergot alkaloid-producing tall fescue 
pastures; this was attributed to greater forage intake by steers grazing non-ergot alkaloid-
producing endophyte-infected tall fescue. It is possible that steers grazing the non-ergot 
alkaloid-producing endophyte-infected tall fescue pastures ruminated more frequently en 
route because of greater gut fill.  
When analyzing the effect of time on ruminating and lying behaviors, there was a 
stocking density by trip by time effect suggesting that duration of trip may have an effect 
on the extent of behavioral response observed. When looking at numerical differences 
within trip and stocking density, there is a numerically greater response for ruminating 
behavior in steers subjected to the low stocking density on trips 1 and 3 during hours 5 
through 8 and in steer subjected to the high stocking density on trips 2 and 3 during hours 
5 through 8. This suggests that cattle may become more adapted to the unfamiliar 
environment of confinement in a moving truck as the trip progresses; however, this 
hypothesis is not supported by statistical differences in the current experiment. Kenny 
and Tarrant (1987a) suggested that ruminating behavior may indicate adaptation to an 
unfamiliar environment while Kenny (1985) concluded that rumination rarely occurred 
en route. The current experiment is in agreement with Kenny and Tarrant (1987a) 
concluding that ruminating behavior does occur when cattle are in confinement on a 
moving vehicle, this behavior may indicate adaption to a novel environment, and duration 
of trip may have an effect on ruminating behavior suggesting that cattle adapt to the 
novel environment over time. Lying behavior was not observed in all stocking density, 
trip, and time combinations. The greatest occurrences of lying behavior were observed 




young calves, Knowles et al. (1997) concluded that duration of the trip had an effect on 
the occurrence of lying behavior with more observations during the last 9 h of a 19 h 
truck trip. More lying behavior may have been observed in the current experiment if the 
duration of the trip had been longer. Previous studies have indicated that during trips of 
long duration, livestock may become fatigued and cause an increase in the incidence of 
lying behavior (Knowles, 1998; Warriss, 1998). Stocking density may also play a role in 
the extent of lying behavior observed. However, there were no clear indications in the 
current experiment that lying behavior was prevented in high stocking density. 
4.1.4 Behaviors indicating a loss of balance 
Behaviors indicating losses of balance were shifting, struggling, falling/slipping, 
and unsuccessful attempts to stand. Falling/slipping and struggling behaviors were rarely 
observed in this experiment and there were no incidences where cattle fell and were 
unable to regain an upright, standing position. Shifting behavior was observed most 
frequently in regard to this category of behaviors; however, there is no clear pattern 
suggesting more shifting occurred in steers subjected to either the low or high stocking 
density. This is similar to findings by Kenny and Tarrant (1987a) where no animals went 
down in the truck but there were instances where animals lost their balance and had to 
shift their footing in order to regain balance. In contrast, Tarrant et al. (1992) found that 
losses of balance at low and medium stocking density were similar to each other, whereas 
cattle at high stocking density had fewer incidences of shifts and more incidences of 
struggles and falls. It should be pointed out that in the previously mentioned study mean 
stocking densities were 448, 506, and 585 kg/m2 for low, medium, and high stocking 




was utilized for the high stocking density in the present experiment. Losses of balance are 
usually associated with driving events such as cornering, braking, or shifting (Kenny and 
Tarrant, 1987a). Although the same route was traveled and the same drivers operated the 
transport vehicles during all three trips, certain driving events could have altered riding 
conditions inside the trailer. This might explain why no differences were seen between 
stocking densities for shifting behavior. It is possible that there could be differences in 
the displacement distance observed in steers subjected to either high or low stocking 
density as a result of shifting. The extent of the displacement that occurs could have an
effect on carcass bruising, particularly in fat steers. The distance of steer displacement 
that occurs with shifting behavior should be considered in future experiments as a way of 
measuring the severity and extent of shifting between two stocking densities.  
Although there was a stocking density by trip by time effect for shifting 
behaviors, there is no clear indication of whether more incidences occur during the first 
half (hours 1 through 4) or the second half (hours 5 through 8) of an 8-h truck trip.  
Struggling and falling/slipping behaviors only occurred in the low stocking density 
during hours 1 through 4 and 5 through 8, respectively, suggesting that there may be 
more of a stocking density than time effect. Because these behaviors were rarely 
observed, more differences may be seen when observing a larger population of steers 
over a longer period of time. It is also possible there would be more observations of 
struggling and falling/slipping behavior would be observed once steers become fatigued 





4.2 Positional orientations of cattle en route 
Steers spent the greatest proportion of the trip standing perpendicular to the 
direction of motion, facing side-left or side-right, within and between the low and high 
stocking densities. Steers subjected to the low stocking density showed no bias for either 
parallel or diagonal orientations while steers placed in the high stocking density stood 
facing parallel directions a greater proportion of the time than diagonal directions. This 
suggests that steers placed in the high stocking density may not assume these orientations 
due to preference, but instead because of how they fit in the compartment with regard to 
available space. Previous studies indicate that the most common standing orientation is 
perpendicular to the direction of motion with the most common alternative orientation
being parallel to the direction of motion, where cattle clearly avoided diagonal 
orientations (Kenny and Tarrant, 1987b; Eldridge et al., 1988; Lambooy and Hulsegge, 
1988; Tarrant et al., 1992). In contrast, horses orient themselves either facing frontward 
or towards the rear and spend the least amount of time facing side orientations (Collins et 
al., 2000). Steers subjected to the high stocking density in this experiment confirm these 
conclusions. It is possible that steers placed in the low stocking density were stocked at 
such low rates that there was no space limitation pressure to assume a particular 
orientation. Furthermore, in the low stocking density the results observed may indicate 








5.1 Behavioral response to transport 
In this experiment, the high stocking density represented a normal stocking rate, 
which is readily used and recommended in industry, whereas the low stocking density 
represented an under-stocked compartment. Steers placed in high stocking density 
situations during transport had fewer occurrences of aggressive behavior, and head-
butting and pushing behaviors were numerically lower for steers in high stocking density. 
There were no clear differences between stocking densities for sexual behaviors as 
mounting and chin-resting rarely occurred en route. Laying behavior did occur but varied 
widely between stocking density and among trips. Steers in both high and low stocking 
densities displayed ruminating behavior, which suggests that they were adapted to the 
unfamiliar environment to an extent. There was no clear indication of which stocking 
density was more susceptible to losses of balance en route. As suggested in the previous 
chapter, certain driving events, specific to trip, could have contributed to this.  
In regard to positional orientation, cattle in both stocking densities preferred side-
left and side-right positions to all other orientations. It is thought that cattle are biased to 
positions perpendicular to the direction of motions because this provides the most 
stability en route. It does not appear that steers placed in either the high or low stocking






balance. This is evident by observing the occurrence of loss of balance for steers in high 
and low stocking density, where there was no clear difference. 
Time had an effect on pushing, ruminating, lying, shifting, struggling, and 
falling/slipping behaviors. However, because some behaviors were only observed rarely 
and there was variation between trips, it was not apparent how time within a trip affects 
behavioral response. The results of the current experiment do suggest that duration of trip 
as well as time within a trip might impact ruminating behavior, in that as steers become
acclimated to the unfamiliar environment more ruminating behavior might be observed. 
In future studies, the effect of time should be observed on longer journeys studying a 
larger population of animals.  
The above suggests that the high stocking density might be more conducive from
an animal welfare standpoint as there was fewer aggressive behaviors observed and no 
other clear observations indicated otherwise. This is contrary to what many might 
initially conclude, reasoning that the more space available per head the better animal 
welfare provided. In addition, the high stocking density is more economical, allowing 
cattle producers to spread transport costs across more head of cattle.  
5.2 Future research 
Future studies should be conducted to gain a more comprehensive overview of 
transport response by considering variables such as trailer design, environmental effects, 
transporting loads of cattle varying in age, and calf performance. More information on 
environmental effects en route such as the accumulation of atmospheric gases and 
ventilation; temperature, relative humidity and wind chill; as well as differences in 






for determining the effects of transporting cattle in a variety of environments and 
conditions. 
Cattle are transported multiple times in their life and for a variety of reasons. In a 
commercial setting, brood cows may be transported to different pastures, often times 
during gestation. The impact of transportation on fetal stress during short and long 
distance hauls as well as under low and high stocking densities would be of interest. In 
addition, brood cows may be transported with suckling calves or yearlings. In this case, it 
would be advantageous to consider the effect of transporting cattle of mixed age by 
commingling cattle within trailer compartment as well as loading cattle at low and high 
stocking densities. In addition, weaned calves could potentially be transported, re-
grouped, and exposed to unfamiliar environments multiple times before arriving at a 
stockering facility. The effect of commingling unfamiliar groups of calves, which would 
mimic an order buyer shipping calves collectively from different points of origin, on not 
only behavioral response but subsequent calf performance, could be beneficial 
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